INTRODUCTION
============

Prostate cancer is the most commonly diagnosed cancer in men in the United States and the second most commonly diagnosed malignancy worldwide \[[@B1]\]. Although many prostate cancer patients have localized disease at the time of diagnosis, some present with evidence of metastasis. In the latter cases, androgen deprivation therapy (ADT) is the first-line treatment. Although this therapy is very effective initially, the disease eventually progresses in all patients and becomes resistant to treatment, which is also known as castration-resistant prostate cancer (CRPC). CRPC has a poor prognosis and a high mortality rate.

3-Hydroxy-3-methyl-glutaryl-CoA reductase inhibitors, commonly known as statins, are highly effective in lowering cholesterol levels and reducing the risk of cardiovascular disease. However, statins can also modify the cholesterol levels needed for signal transduction and have shown an effect on prostate cancer cells \[[@B2]\]. Statins are thought to modulate androgen receptor expression and activity, which may reduce the proliferation of prostate cancer cells and induce apoptosis \[[@B3][@B4]\]. Statins may also reduce the levels of prostate-specific antigen (PSA) released by prostate cancer cells. A number of epidemiological studies have shown a relationship between statin use and lower cancer risk and mortality, including in prostate cancer \[[@B5][@B6][@B7][@B8][@B9]\]. In many studies, statin use has shown an antitumor effect in prostate cancer, decreasing the risk of recurrence and prostate cancer mortality \[[@B10]\]. In patients who have undergone radical prostatectomy, statins also reduce the risk of prostate cancer recurrence \[[@B11]\]. In addition, statins are associated with reduced mortality rates in prostate cancer patients who have been treated with radiation therapy \[[@B12]\].

The aim of our current study was to determine whether statins have an effect on prostate cancer patients who cannot be treated with standard definitive therapies owing to the extent of disease. We investigated whether statin use delays the development of CRPC in metastatic prostate cancer patients who had been treated with ADT.

MATERIALS AND METHODS
=====================

1. Patient population and study design
--------------------------------------

This study was performed with the approval and oversight of the Institutional Review Board (IRB) of Asan Medical Center (IRB No. 2015-0582). A database of prostate cancer patients who already had metastasis and were treated with ADT between January 1997 and December 2013 at Asan Medical Center was retrospectively analyzed. Because of the retrospective nature of this analysis, the requirement for informed consent was waived by the IRB. A total of 196 patients who had metastatic prostate adenocarcinoma at the time of diagnosis and had been treated with ADT and eventually progressed to CRPC were selected for analysis. The patient characteristics we assessed included age at diagnosis, diabetes mellitus, hypertension, body mass index (BMI), Gleason score for a prostate biopsy, and initial PSA level before ADT. Information on statin medication was collected retrospectively from the patients\' medical records. Statin users included all patients who used a statin before and after diagnosis. The primary study end point was the occurrence of CRPC. In addition, cancer-specific survival was assessed.

2. Statistical analysis
-----------------------

Clinicopathological characteristics were compared between patients exposed or not to statins by use of the chi-square test and Student t-test. Cox proportional hazards models were used to estimate hazard ratios (HRs) with a 95% confidence interval (CI) for CRPC occurrence to determine the effect of statin use on the time to CRPC onset. The HR of prostate cancer mortality was also estimated. Data were analyzed by using the IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, NY, USA). Significance was defined as p≤0.05.

RESULTS
=======

The clinicopathologic characteristics of all the prostate cancer subjects according to statin use are summarized in [Table 1](#T1){ref-type="table"}. The patients\' mean age at diagnosis was 67.1 years (standard deviation, 9.1 years), with a mean follow-up time of 52 months. Statins were used in 46 patients (27.2%). The mean time to CRPC was 25 months after diagnosis. Of the 171 patients evaluated, 132 died of prostate cancer, with a mean survival time after diagnosis of 48.6 months.

Differences in patient characteristics between statin users and nonusers are listed in [Table 2](#T2){ref-type="table"}. There were no statistically significant differences in the prevalence of comorbidities such as diabetes mellitus or hypertension between the groups. Among patients with diabetes mellitus, 15 patients (48%) had metformin in their medication: 5 patients (10%) in the statin group and 10 patients (8%) in the non statin group. Cross-tabulation analysis showed no statistical difference in the use of metformin between the two groups (p=0.879). Among patients with hypertension, an angiotensin converting enzyme (ACE) inhibitor was included in three patients and a beta-blocker was included in eight patients; one patient used both an ACE inhibitor and a beta-blocker. Cross-tabulation was also done and showed no statistical difference between the two groups for the above medications (p=0.393). Furthermore, there were no significant differences between the study groups in terms of the Gleason score for prostate cancer or the PSA level before treatment (p=0.547, p=0.681). As expected, statin users had a significantly higher BMI (p=0.047). Also, there was a significant difference in the time to development of CRPC between statin users and nonusers with a median time of 30.5 and 22.7 months, respectively (p=0.016).

Treatment after occurrence of CRPC was also analyzed. A total of 115 patients (67%) used docetaxel as chemotherapy after CRPC. A total of 23 patients (13%) did not receive chemotherapy and 33 patients had other treatments such as mitoxantrone, enzalutamide, and cyclophosphamide vincristine dexamethasone combination therapy. Docetaxel was used in 69% of the patients in the statin group and in 67% of the patients in the nonstatin use group. Cross-tabulation analysis showed no significant difference in treatment method after CRPC between the two groups (p=0.701).

The results of our primary analysis using univariate and multivariate HR models with Cox regression analysis are listed in [Tables 3](#T3){ref-type="table"}, [4](#T4){ref-type="table"}. A lower Gleason score was associated with longer time to CRPC onset. In addition, the presence of diabetes mellitus was associated with ADT duration before CRPC (HR, 1.573; 95% CI, 1.02-2.43; p=0.041). Using statins was associated with a longer ADT duration (HR, 0.61; 95% CI, 0.41-0.91; p=0.015), with a difference in the CRPC-free survival curve as shown in [Fig. 1](#F1){ref-type="fig"} (p=0.044). Among the 171 study patients, 132 died of prostate cancer. Cancer-specific survival was analyzed by using Cox regression analysis. Similar to ADT duration, the Gleason score, diabetes mellitus, and statin use were associated with cancer-specific survival. A higher Gleason score was associated with increased risk of cancer-specific mortality (p=0.002). Diabetes mellitus was also associated with increased risk (HR, 1.641; 95% CI, 1.03-2.61; p=0.037), and statin users showed a lower risk of cancer-specific mortality than did nonusers (HR, 0.405; 95% CI, 0.25-0.66; p\<0.001) and also showed a significant difference in the survival curve as shown in [Fig. 2](#F2){ref-type="fig"} (p=0.001). In addition, a longer duration of ADT use was associated with a lower cancer-specific mortality rate (HR, 0.909; 95% CI, 0.89-0.93; p\<0.001).

DISCUSSION
==========

The antitumor effects of statins in prostate cancer patients have been reported in many previous studies \[[@B3][@B4][@B5][@B6]\]. In our current study, we evaluated the association between statin use and prognosis of metastatic prostate cancer because statins are known to reduce the risk of advanced prostate cancer. Previous studies have reported that the effects of statins on prostate cancer are linked to several pathways related to cancer development and growth \[[@B3]\]. The results of our current study of metastatic prostate cancer patients indicate that the use of statins is associated with delay in the development of CRPC, even though all patients eventually developed CRPC. One explanation for this result may be that statin users may have more favorable prostate cancer characteristics and better cancer outcomes \[[@B13][@B14][@B15]\]. In our present analysis, no significant differences in cancer characteristics were seen between statin users and nonusers. The possibility of healthy-user bias is another important factor that should be considered. Statin users may be more focused on their health and thus may have better lifestyle habits, which could have an effect on prostate cancer survival. However, blood cholesterol levels in patients in the statin user group were high. Also, we noted a reduced HR of 59.5% associated with statin use, which suggests that factors other than lifestyle habits play a role in the effects of statins. Although other confounding factors may have been present in our study cohort, statin users had a higher BMI and higher cholesterol levels, which may be associated with poorer survival and may weaken the effects of the statins. Nevertheless, our current results show that statin use may decrease prostate cancer mortality and delay the development of CRPC.

Statins are also known to lower serum PSA levels, which may influence the development and metastasis of prostate cancer. However, in our current study, we saw no significant difference in PSA levels between the groups: 515 ng/mL and 559 ng/mL in the nonstatin user group and the statin user group, respectively. The discrepancy among studies in this regard may be due to differences in the patient populations. Our present patients all had metastatic prostate cancer at the time of diagnosis, and therefore the burden of prostate cancer may have been higher in this group than in previously reported cohorts. This in turn may have diluted the PSA-lowering effect of statins.

Statins inhibit 3-hydroxy-3-methylglutaryl (HMG) coenzyme A reductase and limit cholesterol biosynthesis by affecting the pathway that converts HMG coenzyme A to mevalonate, eventually reducing the level of mevalonate. The lower level of cholesterol in the blood may limit cholesterol use in cells and modulate the signal pathway associated with cancer apoptosis \[[@B16]\], such as Akt signaling in prostate cancer cells \[[@B3][@B17][@B18][@B19][@B20]\]. Reduced mevalonate levels lead to deprivation of isoprenoids and thus limit the activation of proteins such as Ras and Rho in the cell membrane, eventually decreasing their growth promotion and survival activities \[[@B21][@B22]\]. According to this hypothesis, statins may have an effect in patients without hypercholesterolemia. In our present study, however, we did not assess any biochemical markers that could be used to support this mechanism. The effect of statins on prostate cancer patients needs further research in prospective studies.

The duration of ADT was also found to be associated with prostate cancer survival, with a longer duration of ADT associated with a lower risk of cancer-specific mortality. A linear correlation was observed between the duration of ADT and the survival time after the initial diagnosis of prostate cancer, as shown by simple correlation analysis ([Fig. 3](#F3){ref-type="fig"}). This may be because patients who received ADT for a longer duration may have had better pathologic features. However, the duration of ADT also showed statistically significant associations with factors that influenced cancer-specific survival in our multivariate analysis.

Diabetes was found to be a statistically significant risk factor for both CRPC and cancer-specific survival. Diabetic patients usually have a higher level of morbidity than do nondiabetic patients, and this may also have an effect on survival; however, the difference in the duration of ADT owing to diabetic status is likely to be attributable to more than just lifestyle differences. Several studies have shown that diabetes is a risk factor for cancer, including prostate cancer, while other studies have reported that diabetes is a protective factor for prostate cancer \[[@B23][@B24][@B25][@B26][@B27]\]. The use of glucose-lowering agents such as metformin may also affect prostate cancer development and prognosis \[[@B28]\]. The relationship between diabetes and prostate cancer is not yet clear, and further studies on this subject are currently underway

Although all of our study patients presented with bone metastasis, some patients also had visceral metastasis at the time of diagnosis. The patients who presented with visceral metastasis were expected to have a poorer prognosis and shorter time to CRPC onset, likely as a result of a higher tumor burden than in patients who presented with only a bone metastasis. Surprisingly, however, we found no statistically significant difference in the risk of CRPC and cancer-specific survival in patients with an additional visceral metastasis. Initial PSA levels before treatment also did not significantly differ between patients with only bone metastasis and patients with a visceral metastasis also. This may indicate that a combination of visceral and bone metastases does not correlate with a higher tumor burden and a poorer prognosis.

There were some limitations of note to our study, mainly due to the retrospective nature of the analyses. For example, there may have been gaps in our data, including comorbidities and statin use, owing to an incomplete reporting of medical histories. Records of any existing medications were obtained by querying the patients at the time of admission. The duration of medication use before admission was calculated by using the date provided in the medical records, but the degree of patient compliance with those medication regimens is unknown, which may have biased our calculations. Also, when this study was conducted, only 19 patients (30%) in the statin user group were alive to respond to phone calls about duration of statin use. Therefore, data on total statin duration and the accumulative dose of statins were not appropriately obtained or analyzed. There may also have been data gaps for statin use if any patients failed to report their use. However, such a bias would result in statin users being included in the nonstatin user group, which would weaken the measured effects of statins on prostate cancer.

CONCLUSIONS
===========

The use of statins is associated with a delayed development of CRPC and also with lower prostate cancer-specific survival. Although statin use may also be associated with a decreased risk of prostate cancer mortality, additional prospective evaluations of the impact of statins are needed.
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###### Clinicopathological characteristics of the study patients (n=171)

![](kju-56-630-i001)

  Characteristic                                 Value
  ---------------------------------------------- ------------------
  Age (y), mean±SD (range)                       67.1±9.1 (37-91)
  Diabetes mellitus                              31 (18.1)
  Hypertension                                   62 (36.2)
  Body mass index (kg/m^2^)                      24.07±3.0
  Statin use                                     46 (27.2)
  Hypercholesterolemia                           
   \<200                                         33 (19.3)
   200-240                                       69 (40.4)
   \>240                                         69 (40.4)
  Biopsy Gleason score                           
   7                                             11 (6.4)
   8                                             40 (23.4)
   9                                             59 (34.5)
   10                                            26 (15.2)
  PSA level at diagnosis (ng/mL), mean (range)   537 (3.4-4,720)
  ADT duration (mo)                              25.0±21.4
  Survival duration after CRPC (mo)              23.5±17.5
  Survival duration after diagnosis (mo)         48.6±31.0
  Metastasis type                                
   Bone metastasis only                          160 (95.2)
   Bone and visceral metastasis                  8 (4.7)

Values are presented as number (%) or mean±SD unless otherwise indicated.

SD, standard deviation; PSA, prostate-specific antigen; ADT, androgen deprivation therapy; CRPC, castration-resistant prostate cancer.

###### Clinicopathological characteristics of the study patients according to statin use

![](kju-56-630-i002)

  Characteristic                                Nonstatin users (n=125)   Statin users (n=46)   p-value
  --------------------------------------------- ------------------------- --------------------- ---------
  Mean age (y)                                  67.4                      66.2                  0.329
  Diabetes mellitus, n (%)                      21 (17)                   10 (22)               0.500
  Hypertension, n (%)                           41 (33)                   21 (47)               0.121
  Mean body mass index (kg/m^2^)                23.8                      24.8                  0.047
  Biopsy Gleason score                                                                          0.547
   7                                            8                         3                     
   8                                            31                        9                     
   9                                            40                        19                    
   10                                           16                        10                    
  PSA level at diagnosis (ng/mL)                515                       591                   0.681
  ADT duration (mo), mean±SD                    22.7±20.3                 30.5±23.0             0.032
  Mean survival duration after CRPC (mo)        22.0                      27.3                  0.075
  Mean survival duration after diagnosis (mo)   44.9                      57.9                  0.013

Values are presented as number (%) or mean±SD unless otherwise indicated.

PSA, prostate-specific antigen; ADT, androgen deprivation therapy; SD, standard deviation; CRPC, castration-resistant prostate cancer.

###### Univariate and multivariate analysis of factors affecting ADT duration prior to CRPC onset
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  Variable                                      Univariate   Multivariate                                     
  --------------------------------------------- ------------ -------------- ------- ----------- ------------- -------
  Age                                           0.986        0.969-1.003    0.104   \-          \-            \-
  Diabetes mellitus                             1.521        1.025-2.256    0.037   1.573       1.019-2.430   0.041
  Hypertension                                  1.025        0.879-1.025    0.879   \-          \-            \-
  Body mass index                               0.992        0.939-1.049    0.789   \-          \-            \-
  Hypercholesterolemia                          0.998        0.993-1.002    0.288   \-          \-            \-
  Statin use (yes vs. no)                       0.709        0.507-0.993    0.045   0.613       0.414-0.908   0.015
  Biopsy Gleason score                                                                                        
   7                                            Reference    \-             \-      Reference   \-            \-
   8                                            1.285        0.654-2.523    0.467   1.005       0.465-2.174   0.989
   9                                            1.812        0.931-3.528    0.080   1.919       0.898-4.102   0.092
   10                                           2.942        1.416-6.114    0.004   3.184       1.426-7.108   0.005
  PSA level at diagnosis                        1.000        1.000-1.000    0.459   \-          \-            \-
  Metastasis type (bone vs. bone and viscera)   1.093        0.535-2.232    0.809   \-          \-            \-

ADT, androgen deprivation therapy; CRPC, castration-resistant prostate cancer; HR, hazard ratio; CI, confidence interval; PSA, prostate-specific antigen.

###### Univariate and multivariate analysis of factors affecting cancer specific survival
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  Variable                                      Univariate   Multivariate                                       
  --------------------------------------------- ------------ -------------- --------- ----------- ------------- ---------
  Age                                           0.994        0.974-1.014    0.550     \-          \-            \-
  Diabetes mellitus                             1.534        1.007-2.336    0.046     1.641       1.031-2.612   0.037
  Hypertension                                  1.101        0.776-1.562    0.590     \-          \-            \-
  Body mass index                               0.982        0.923-1.046    0.576     \-          \-            \-
  Hypercholesterolemia                          0.996        0.991-1.001    0.095     \-          \-            \-
  Statin use (yes vs. no)                       0.506        0.334-0.767    0.001     0.405       0.248-0.663   \<0.001
  Biopsy Gleason score                                                                                          
   7                                            Reference    \-             \-        Reference   \-            \-
   8                                            1.095        0.516-2.325    1.095     1.176       0465-2.174    0.989
   9                                            1.617        0.778-3.360    1.617     2.132       0.898-4.102   0.092
   10                                           2.282        1.048-4.966    2.282     3.086       1.426-7.108   0.005
  PSA level at diagnosis                        1.000        1.000-1.000    0.198     \-          \-            \-
  Metastasis type (bone vs. bone and viscera)   1.368        0.324-5.788    0.670     \-          \-            \-
  ADT duration                                  0.938        0.923-0.953    \<0.001   0.909       0.889-0.930   \<0.001

HR, hazard ratio; CI, confidence interval; PSA, prostate-specific antigen; ADT, androgen deprivation therapy.
